 (Thorax 1994;49:446-452) 
Abstract
Background -It has previously been reported that short term submental stimulation can reduce the frequency of apnoea and improve sleep architecture in patients with obstructive sleep apnoea. The effects of submental stimulation during consecutive nights on apnoea or on daytime sleepiness have not, however, been studied. Methods -Patients with obstructive sleep apnoea were studied by polysomnography on a control night, for five consecutive nights of submental stimulation, and on three following nights (n = 8). A multiple sleep latency test (MSLT) (n = 8) and measurement of the upper airway resistance (n= 5) were performed during the day after the polysomnographic study, on the control night, and on the fifth stimulation night. In an additional five patients with obstructive sleep apnoea, matched for age, sex, and weight, the effects of two nights of stimulation were examined for comparison. Submental stimulation began when an apnoea lasted for five seconds and stopped with the resumption of breathing as detected by oronasal flow. Results -The apnoea index, the number of times per hour that Sao2 dropped below 85% (Sao2 < 85%/hour), and the total apnoea duration expressed as a percentage of total sleep time during stimulation nights decreased to approximately 50% of the corresponding values on the control night. This improvement persisted for at least two nights after the five consecutive stimulation nights, but not after the two consecutive stimulation nights. Sleep architecture and MSLT following the stimulation nights improved but upper airway resistance did not change. Conclusions -Submental stimulation for five consecutive nights in patients with obstructive sleep apnoea improved the breathing disturbance, sleep quality, and daytime sleepiness. The effect lasted for the following two nights, but did not completely abolish the sleep disordered breathing. (Thorax 1994; 49:446-452) An imbalance in the activity of upper airway dilating muscles and the inspiratory pump muscles leads to upper airway obstruction in patients with obstructive sleep apnoea.' 2 Conversely, an increase in the upper airway muscle activity which overcomes the intraluminal negative pressure generated by the contraction of inspiratory pump muscles may open an obstructed upper airway. In animal experiments Gottfried and coworkers3 reported that electrical stimulation of hyoid muscles reduced upper airway resistance, and a significant decrease in inspiratory upper airway resistance during electrical stimulation of the genioglossus has also been reported. 4 Based on these animal experiments we have used percutaneous electrical stimulation in the submental region during apnoea in patients with obstructive sleep apnoea and found a reduction in the frequency of apnoeic episodes and an improvement in the sleep architecture.56 In these previous studies submental stimulation has been performed on only one or two nights,56 but the effects of submental stimulation over several consecutive nights on apnoeic episodes and daytime function have not been studied. In this study we have examined the effects of submental stimulation on five consecutive nights and during the nights following these stimulation nights. Furthermore, we have performed multiple sleep latency testing (MSLT)7 to estimate the improvement of excessive daytime sleepiness, and have measured upper airway resistance to assess whether submental stimulation changes the dimensions of the upper airway during the daytime.
Methods

SUBJECTS
Thirteen men with obstructive sleep apnoea previously diagnosed by polysomnography were studied. All were habitual snorers and 10 complained of excessive daytime sleepiness and slight morning headache. All were clinically stable and free from lung disease, heart failure, or clearly definable upper airway abnormalities. They were divided into two groups, one receiving submental stimulation for five nights and the other for only two nights. The anthropometric data, spirometric measurements, blood gas tensions, and haemoglobin concentrations for the two groups are shown in table 1 . Four patients were obese with body mass indices over 30 kg/mi; three were in the group stimulated for five nights and one was in the group stimulated for two nights. Vital capacity (VC) and forced expira- We developed an airflow demand-type portable submental stimulator based on a plot type apparatus, as in our previous reports.56 The apparatus consists of two parts: an apnoea detection and stimulating system. It weighs approximately 300g and is operated for two nights by a rechargeable 9 volt DC battery. Airflow signals were recorded by thermistors placed near the nose and mouth. The presence of apnoea was defined as any point where the intensity of the thermistors fell to less than 10% of that during tidal breathing. Two silver chloride ECG electrodes (1Omm in diameter)
were used as stimulation electrodes, and were attached 10 mm apart on the skin in the proximal half submental region. Stimulation was performed with 02 ms pulses repeated at 100 Hz at an intensity of 5-30 volts. Electrical stimulation began when apnoea lasted for five seconds, and was stopped after resumption of breathing was detected by oronasal airflow, or after a maximum of 20 seconds. The preset stimulation intensity was determined for each patient while awake by choosing a value just below the threshold of mild pain. If the oronasal airflow did not appear within five seconds of the onset of stimulation, the intensity automatically increased stepwise to a 50% increase for the following five seconds, and to a 75% increase from the initial intensity for the next 10 seconds. The stepwise increase in stimulation intensity always returned to the initial level. The timing of stimulation was not dependent on the respiratory cycle.
MULTIPLE SLEEP LATENCY TEST (MSLT)
An MSLT was performed according to the recommendations of the American Sleep Disorders Association.7 The subjects were placed in a dark room for 20 minutes four times during the day (10.00, 12.00, 14.00, and 16.00 hours). Polysomnographic recordings were performed during these times for those who fell asleep. The four sleep latency times and the mean MSLT after five consecutive nights of stimulation were prolonged significantly compared with those on the control day (fig 3) . Inspiratory and expiratory upper airway resistances before stimulation nights were 0 75 (0-12) and 0 60 (0 11) cm H20/l/s, respectively, and inspiratory and expiratory upper airway resistances after five consecutive nights of stimulation were 0-71 (0-12) and 0-62 (0-10) cm H20/l/s, respectively. Neither inspiratory nor In our previous paper we used a microphone attached to the skin over the cervical trachea to detect apnoeic episodes, and the stimulating system and detecting system were completely separated.56 If the stimulating system and detecting system were combined, the latter sometimes picks up noise caused by the electrical stimulation, resulting in a malfunction. It was difficult to separate completely the stimulation frequency and the sound frequency as the frequency bands overlapped. In the present study we Table 3 Mean (SE) polysomnographic variables on control night, the second stimulation night, and the first night after stimulation in the group stimulated for two nights (n = 5) The fourth factor on which the effectiveness of submental stimulation may depend is the skin thickness in the submental area. Submental skin thickness in the four obese patients (1 -1 5 cm) tended to be thicker than in nonobese patients (0 6-08 cm). Although the obese patients did not differ significantly in their response to electrical stimulation from the non-obese patients, the intensity of stimulation set while awake was greater in the former.
Another factor which may be important in the effectiveness of submental stimulation is the adhesive force in the pharynx during upper airway obstruction. In summary, we have observed that submental stimulation for several successive nights in patients with obstructive sleep apnoea reduced the frequency and duration of apnoeic episodes with an associated improvement in the sleep quality and daytime sleepiness. These effects remained for at least two nights following the five successive stimulation nights. However, such improvement was not complete and further studies on the usefulness of submental stimulation in the management of obstructive sleep apnoea are required.
